INTRODUCTION
Much work has been done in recent years on the scattering of waves in random media. Of particular importance are the moment equations, describing the statistical behavior of the wavefield, for most of which exact analytical solutions have not been found. Operator splitting has now been used for the fast and accurate numerical solution of the fourth moment [4] and may also be applied to the higher moments.
The purpose of this note is to examine the accuracy of the method in terms of properties of the operators. Operator splitting is particularly suitable in this case: the operators appearing in the equations are easily integrated separately, while their sum is not, especially for strongly scattering media. It turns out that for the most important class of moments, the symmetric ones, the commutator of the operators is small when acting on the solution space, and the method is thus highly accurate. The results here are not precisely quantitative but illustrate the broad behavior of the solution.
In Section 2 we give a brief description of the physical setting and moment equations, and the approximate solution used. The accuracy of this solution is examined in Section 3, and some motivation is given for the consideration of the commutativity of the operators.
MOMENT EQUATIONS AND APPROXIMATE SOLUTIONS
We describe briefly the mathematical and physical setting. Further details can be found in [4] and [7] . We will assume here that a monochromatic plane wave u, with wavenumber k, is incident on the half-space (z > 0) of a twodimensional medium (z, z). We suppose the medium has a refractive index n(t, z) =< n > +,~nr(z, z), where the angle-brackets denote an ensemble average, and nr is a Gaussian random variable with mean 0 and variance p. Let L be the correlation length of the medium in the r-direction.
We define the parameter I' = k3p2p(0)L2, which describes the strength of the scattering.
The wavelength is assumed to be significantly shorter than L, and scattering therefore takes place mainly in a forward z-direction.
(With this assumption one obtains a parabolic equation for u which involves a randomly variable multiplication operator. The numerical propagation of this wavefield has long been carried out by operator splitting methods; see [6, 3, 5] .)
An important and much-studied class of problems which arises is that of the moments, which describe the averaged behavior of the wave and are governed by differential equations. 
Here, Ai = 6'2/&~, and Ai = 02/ayf, and again the initial condition is m i 1. In practice the dimension of this problem can always be reduced, by stationarity and other symmetries, as it has been for the fourth moment. In applications (see [4] ) th e medium may typically be described, for example, by correlation functions of the form p(t) = e -e3 (Gaussian medium) or p(t) = (i + ]t])e'lfl (fourth order power law medium). In particular p is always even in [ and monotonic in IS]. We will also assume that p has continuous first and second derivatives. This excludes the class of 'fractal' media, which any discretization inevitably fails to describe properly. From these assumptions and the symmetries in equation (2) follow certain elementary identities: in particular m({zi},(Yi}) = m(P{+i}tQ{Yi}) = m(-{zi}t-{Yi}) = m'({Yi)t{G)) for any permutations P and Q. Furthermore, m is bounded and continuous. Where we need to think in terms of specific spaces we may restrict the moments to some compact set, with the square-integral norm. 
RESULTS

As indicated,
when the operators A and B nearly commute, the approximation (5) is accurate.
In general [A, B] itself will not be small, but in our caSe it can be shown that an initial condition in subspace range(P) the solution stays there and the splitting of A and B is exact; but if any component of the initial condition is in null(P) splitting may be very inaccurate.
3.1. Operator-splitting for the symmetric moments. We consider again the moments m =< 211.. .U,Uil.. . Ui, > whose equations are given by (2) . Let X be the vector space R" x R", and let $2 be the submanifold of elements of the form ({zi}, P{Zi}) for any permutation P, where i = 1,. . . n. Write dist(~, Sz) = infgEn 112-yll for + E X, where the norm is the usual L2-norm on R . 2n In practice Sl is the only region of the solution which is of interest.
In the fourth moment, for example, m(Q) gives the scintillation index and spectrum of intensity fluctuations. We now have: LEMMA 1. m has effective support on 51 in the following sense:
(1) Ifz=(w.. r%,Yl, . . . , 9,) then Irn(zJl falls to zero as dist(c, Q) increases.
(2) lml reaches a maximum at every point on St with respect to some transverse direction.
PROOF:
(1) It is sufficient to consider = = (z', 22,. . . ,~n,~l,... ,I,,) and to assume that dist(:, $2) = I+' -211 = o, say. Then for large Q, ~(2') is statistically independent of all tl(ti)'s, and m w < u(d) >< q1u212.. . lu,,12 >= 0 since < u >= 0 everywhere. We will consider the axis 7 = 0:
B is constant along this axis, so B, = 0 there. B is also symmetrical about the axis, i.e., B is even in t, so that BE = 0. 
